The intensive use of herbicides in agriculture has led to the appearance of resistant weed biotypes. Resistance is the inherited ability of a plant to survive following application of an herbicide dose which should be lethal. Morphophysiological weed traits help defining the risk to evolve resistance. These traits are not exclusive to the species but may be innate to botanical order, family, or genus. Four reference countries were screened about the nature of resistance-Australia, Canada, France, and the United States-and the data were used for predictions in the Brazilian scenario. Most weed species with resistant biotypes in the reference countries seem to be native to the continent. The most important botanical families with resistant biotypes in the reference countries were also among the first ones to develop resistance in these countries. There was a predominance of C3 species over C4 in the number of plant species with resistant biotypes in the reference countries. In Brazil, three orders are considered as high risk (Gentianales, Lamiales, and Solanales), besides the six already present. Furthermore, eight botanical families present superior risk to evolve resistance and for five of them (Caryophyllaceae, Polygonaceae, Rubiaceae, Convolvulaceae, and Solanaceae), resistance cases have not been reported to date in Brazil.
Introduction
The successive and intensive cultivation of the same crop species in Brazil, with practically no crop rotation, is leading to an increase in the presence of weeds [1] . One should emphasize that relatively characterized, its occurrence is constantly increasing in a worldwide basis. To assist researchers to keep updated about herbicide resistance spread around the world, there is a website, www.weedscience.org, which is used as a platform for researchers to register the new cases of weed resistance [8] . This website is maintained by the Global Herbicide Resistance Action Committee and CropLife International, and it is an open access tool. The basic worldwide data about weed resistance used in the present study were obtained from that site, which were used with permission from the owners. Further data to botanically characterize the weed species listed on the WeedScience website were obtained from specialized literature.
Besides herbicide risk and frequency of application to the field, which are already well studied in the literature related to the weed science, other plant traits could turn them resistant to herbicides. Morphophysiological characteristics as dormancy behavior, number of seeds produced, annual distribution of emergence, and several others [1] can maximize the chance for the occurrence of weed species in the fields at the time of herbicide application, thus exposing them to the selection pressure imposed by the herbicide [7] . These traits can be studied as not being exclusive for the plant species but a characteristic innate to the botanical order, family, or genus of the weed species with resistant biotypes. Supposing this relationship exists, plants which are most closely related to resistant species could also be most prone to evolve resistance. The present study is based upon this hypothesis.
In order to have a wider comprehension about the path resistance takes into the botanical classification of weed species, from the appearance of the first resistant species to the current situation of resistance in Brazil and its most probable future, four reference countries were selected to serve as background for understanding the Brazilian context of weed resistance and new future resistance cases. The countries with higher number of resistant weed biotypes were first selected; in the second stage of selection were selected among these countries two that represented the American Continent, where Brazil is located; one which represented Europe, from where some weed species are known to be introduced in Brazil, and one to represent Oceania, where the climate is more alike to the observed in several regions of Brazil. In this context, the following countries were selected to be studied: Australia, Canada, France, and the United States. Source: adapted from Agostinetto and Vargas [6] . Table 1 . Time required for appearance of the first resistant weed biotype following introduction of a new herbicide mechanism of action into the market.
Chemical classification of resistance
Taking into account the herbicides' mechanisms of action, it is possible to clearly observe a predominance in cases of resistance to the application of the acetolactate synthase (ALS)-inhibiting herbicides in Australia, Canada, and the United States (Figure 1) , followed by resistance to PSIIinhibiting herbicides in France. The number of resistance cases to PSII-inhibiting herbicides is also high in the other countries, rating this mechanism of action in the second place in number of reported resistance cases in the United States and Canada. In Australia, the number of resistance cases to ACCase and EPSPs herbicides was in the second place, followed by the PSI and PSII herbicides (Figure 1) .
In comparison to other mechanisms of action, resistance cases to ACCase-inhibiting herbicides were very important in all countries. Moreover, EPSP herbicides were also important in Australia and the United States, but, in general, the number of resistance cases to this mechanism of action was smaller in Canada and France (Figure 1) . Overall, there were Figure 1 . Wordcloud for the occurrence of weeds resistance as a function of mechanism of action in the reference countries. The scale of the font represents the importance of the mechanism compared to the others in the same figure.
Source: adapted from Heap [8] .
Herbicide Resistance in Weeds and Cropsweeds resistant to 12, 8, 4 , and 14 herbicidal mechanisms of action, respectively, in Australia, Canada, France, and the United States (Figure 1 ).
To date (November 2016) in Brazil, there are cases of weeds resistant to five mechanisms of action (Figure 2) . Furthermore, the majority of these cases is associated with ALS herbicides.
In the second place comes the resistance against EPSPs, followed by ACCase, Auxin, and Protox herbicides. Compared to other countries, one may observe that the order of importance of herbicide mechanisms of action in Brazil resembles more closely to the Australia and the United States context (Figure 1) . The number of resistance cases to ACCase herbicides is similar to Canada; however, resistance to EPSP herbicides is not as important in that country as compared to Brazil. Moreover, the number of resistance cases to each mechanism of action in France was the one that contrasted the most from Brazil (Figure 1 ).
France is characterized by growing large areas of barley, to supply the demand of breweries [9, 10] , and oat. Maize is also a common crop in France, where the French production of these crops, potatoes and sugarbeets, helps to meet the demand of these products in Europe [9] . In the cooler regions of France, apples are cultivated, as well as grapes for the production of wine [10] . Other French crops mostly include plums, tomatoes, and peaches [9] .
The Brazilian agriculture differs from French crops as it is based mostly on maize, wheat, rice, soybeans, orange (in natura and juice), sugarcane (including sugar and ethanol), cotton, cassava, coffee, potatoes. Fruits such as grapes, apples, bananas, mangoes, melons, tobacco, papaya, and Heap [8] .
Predictions for Weed Resistance to Herbicides in Brazil: A Botanical Approach http://dx.doi.org/10.5772/intechopen.68336pulp are also cultivated. Moreover, the paper industry is also important in the country [11] . As the world's sixth largest economy, Brazil ranks third among the world's major agricultural exporters and fourth for food products, being the world's largest producer and exporter of products such as soybean, coffee, sugarcane, orange juice, meat, and tobacco [12] .
Thus, there is a great difference between the major crops grown in France and Brazil, which is probably the cause for a distinct herbicide demand and, as consequence, the difference in nature of resistance cases between these two countries.
Botanical classification of resistance
The botanical classification of life forms is very often, if not always, a challenge for agronomists. In order to understand how nature is reacting to the heavy load of herbicides continuously thrown into the environment, first there is a need to briefly understand the botanical classification and how plants are grouped.
The Biological Classification-or Taxonomic Rank-describes the level of a group of organisms into the taxonomic hierarchy [13] . The main taxonomic ranks are domain, kingdom, division, class, order, family, genus, and species, all of them with an internal classification prefixed by "sub" (subclass, subfamily, etc.) [14] . Other classification levels into each section may exist, but this is beyond an agronomist's point of view and will not be discussed in the present study.
Botanical order
In botany, "order" is a taxonomic rank located between "class" and "family," grouping plants with similar traits at a certain degree [14] . Even though several botanical orders exist, most weed species should be classified into approximately 20 orders. Figure 3 depicts weed species distribution into orders, from combined data of the five studied countries (Australia, Brazil, Canada, France, and the United States). Percentage of resistant weed species by botanical order, with pooled data from the five studied countries. Source: adapted from Heap [8] .
The great majority of weed species resistant to herbicides are included into the orders Poales, Caryophyllales, Asterales, and Brassicales ( Figure 3 ). For the four reference countries (Figure 4) , the order Poales was the predominant one, as also seen for the overall order data ( Figure 3 ). In Canada, the importance of this order was shared with Caryophyllales, which was the second most important resistant weed group in France. Asterales was of importance also in Australia and the United States while it was of secondary importance in Canada and France (Figure 4) . Overall, 10, 8, 6 , and 12 orders including resistant weed species were identified in Australia, Canada, France, and the United States, respectively.
In Brazil, the most important weed species are included into the botanical orders Poales, Asterales, and Caryophyllales ( Figure 5 ). In general, these findings are according to the data observed for the four reference countries (Figure 4 ), where these three botanical orders also tended to predominate.
There are five, four, three, and six botanical orders, respectively, in Australia, Canada, France, The scale of the font represents the importance of the order compared to the others in the same figure. Source: adapted from Heap [8] .
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It should be emphasized that in the present study, the classification of weeds in botanical orders is restricted to those species considered as "weed" in the agricultural context; this does not mean at all major number of plant species included in that order are most prone to become a weed. This relationship is yet to be established, supposing it exists.
Botanical family
Resistant weeds grouped by botanical family (Figure 6 and Figure 7) showed Poaceae as the major family with resistant species for all studied countries, including Brazil. In Australia, Brassicaceae and Asteraceae families were in the second and third places, respectively; in Canada, Amaranthaceae was the family with the most number of plant species with resistant biotypes to herbicides followed by Brassicaceae, Asteraceae, and Chenopodiaceae ( Figure 6 ). In France, Asteraceae, Amaranthaceae, and Polygonaceae were also important botanical families in number of weeds with resistant biotypes, and in the United States, Amaranthaceae and Asteraceae were highlighted after Poaceae (Figure 6 ).
In Brazil, Asteraceae and Amaranthaceae were the predominant families of plants with resistant weed biotypes after Poaceae (Figure 7) .
Compared to the reference countries, from one point of view, there is danger in Brazilunder the current panorama of herbicides use and weed management-for an increase in the number of resistant plant biotypes mainly from the families Asteraceae, Amaranthaceae, and Brassicaceae, which are significant in the reference countries and, at the same time resistant, biotypes were already reported in Brazil.
Second, there is also a great chance for the appearance of resistant weed biotypes from families which are absent in the current Brazilian scenario, but which have great importance in all four reference countries, like Polygonaceae and Solanaceae, or in three out of the four reference countries like Chenopodiaceae and Caryophyllaceae (Figure 6) .
A third scenario leads to the increasing number of multiple resistance or the appearance of resistance to a second herbicidal mechanism of action in weed species which are already resistant to a given mechanism of action [6] . This is concerning due to the nature of the new technologies of crop tolerance to herbicides, the so-called "all-in-one" tolerance; crops will have tolerance to more than one herbicide mechanism of action [15] . Thus, weeds will have to "tolerate" or "resist" to most of the herbicides associated to each technology, in order to prevail in arable fields.
One should note that there was an initial attempt to predict future cases of weed resistance in Brazil [16] , by analyzing the herbicidal mechanism of action to which some plant Predictions 68336 species evolved resistance in some parts of the world, and relating the risk for new cases to the adoption of such herbicides in Brazilian agriculture. This analysis [16] was, however, excluded in the updated version of the same book [15] but may be considered as complementary to the present study, even being outdated by some degree.
When the evolution of appearance of families with resistant biotypes was analyzed by countries (Figure 8) , it was observed that the most important botanical family in number of resistance cases is Poaceae (Figure 6 and Figure 7) , which was the first to appear in Australia, in 1982; the second in France and the United States in 1978 and 1970, respectively; and the sixth botanical family to have resistant biotypes in Canada (Figure 8) .
The other botanical families with resistant biotypes with great importance that were reported in the reference countries ( Figure 6 ) are listed in the inset table in Figure 8 . It is important to note that the most important botanical families were also, in general terms, between the first ones to appear in the respective countries. This leads to the hypothesis that these families are of relatively recent evolutionary origin [5] . There is evidence that the preponderance of weeds from relatively recent evolutionary origin indicates the trend to an increasing of troublesome, highly adaptable weeds in agriculture [5, 7] . An example is the botanical family Asteraceae [7] , which already has resistant biotypes in the five countries studied here ( Figure 5 and Figure 7) . Thereby, in the years to come, Brazil may experience an increase in the occurrence of weed species from families with recent evolutionary origin. 
Figure 9
illustrates the geographic distance between Brazil and the reference countries used in this study. In general terms, half or less than half of the families present in the reference countries are also present in Brazil with resistant biotypes. This may lead to the assumption that there is still plenty of species to evolve resistance in Brazil, supposing that farmers and technicians will keep relying heavily on the chemical weed control, in absence of alternative weed management techniques. 
Botanical genera
The botanical genera with resistant species in the reference countries are shown in Figure  10 . In Australia, Lolium was the predominant genus in number of resistant weed species; in Canada and the United States, Amaranthus is the most important one; in France, there is no predominant genus with the most cases of resistant weed biotypes being Avena, Amaranthus, Lolium, Setaria, and Echinochloa similar in importance (Figure 10) . In Australia, Raphanus, Bromus, Hordeum, Avena, and Sisymbrium are the second most important group of genera with resistant weed biotypes; in Canada, Setaria and Avena are also in the second group. In the United States, a great number of botanical genera with resistant weed biotypes occur, but Echinochloa, Conyza, Poa, Setaria, Kochia, Ambrosia, and Lolium may be highlighted in a second group of importance, following Amaranthus.
In Brazil, 19 genera with resistant biotypes are reported (Figure 11) , where Amaranthus, Conyza, and Bidens are the most important ones, followed by Digitaria, Lolium, and Echinochloa in the second group. A third group includes Sagittaria, Euphorbia, Eleusine, Cyperus, and Raphanus. The scale of the font represents the importance of the genus compared to the others in the same figure. Source: adapted from Heap [8] .
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Botanical class and carbon metabolism pathway
As mentioned earlier, plant taxonomy is not static, and from time to time some adaptations are proposed to plant nomenclature by different authors [17] , trying to adjust plant classification under the light of new evolutionary evidences or simply aiming to rearrange previous taxonomic trees. Angiosperms are, in a free definition, plants with flowers whose seeds are protected in fruits [13, 18] . Along the history, different plant classification systems were proposed, which can be roughly divided into three groups: (1) artificial systems, based on superficial features; (2) natural systems, based on form relationships; and (3) phylogenetic systems, based on evolutionary and genetic relationships [18] .
The artificial systems are very old, based usually on a single character, and have been used as example by Theophrastus (370 285 BC) and Linnaeus (1707 1778 AD); natural systems were based on a set of botanical characters, being used in the eighteenth and nineteenth centuries; examples are the classification systems of Jussieu and Bentham & Hooker [19] . Among the phylogenetic systems, Cronquist [20] , later reviewed in 1988 [21] , is one of the most used, and it divides flowering plants into two classes: (1) Magnoliopsida (dicotyledons, dicots) and (2) Liliopsida (monocotyledons, monocots). With no intention to start a war among plant taxonomists and considering the division into these two classes is the most common in the weed science, we grouped resistant plant species into dicots and monocots (Figure 12 and Figure 13 ).
Australia has 34 dicot species with resistant biotypes, while 54 monocot weed species had at least one resistant biotype (Figure 12) . Monocot species were also the majority in France, where 20 dicots and 26 monocots had at least one resistant biotype. In the northern region of the American continent, dicots predominated among the species with resistant biotypes; 59 and 108 dicots contrasted with 31 and 87 monocots, in Canada and the United States, respectively (Figure 12 ). When weed species with resistant biotypes were grouped in the reference countries by the carbon metabolism (C3, C4, intermediary/hybrid/unknown) (Figure 13) , there was a clear predominance of C3 species over C4 in the number of plant species with resistant biotypes for all countries; 75, 49, 115, and 25 weed species with at least one biotype resistant to herbicides were C3, while only 5, 31, 71, and 14 were C4, respectively, for Australia, Canada, the United States, and France (Figure 13 ).
Plant species with carbon metabolism by the C4 cycle, in evolutionary terms are derived from the C3 cycle [22] ; furthermore, although it is generally claimed that C4 plant species are most widely distributed in warmer and dry environments compared to C3 plants, this is not remarkable since C4 plants evolved to optimize carbon fixation in low-C environments, and not essentially to resist to water stresses as usually believed [23] . In fact, C4 plants may be equally or even more sensitive to water stress than C3 species, in spite of the greater water use efficiency of C4 plants [24] .
In Brazil, where the majority of the arable territory is located in warm climates with mild winters, there were no significant differences in the proportion of dicots (22) and monocots (20) with resistant biotypes (Figure 14) . In North America (Canada and the United States), dicot weed species with resistant biotypes predominated, while in France and Australia, monocots tended to predominate (Figure 13 ).
Dicot species may have advantages over monocots. With no intention to differentiate these two groups of plants, some traits from each group may be highlighted: first, the vascular bundle of dicots may allow flow of higher volumes of sap to and from leaves, as well as up and down into the plant compared to monocots; second, the stronger vascular bundle could allow dicots to resist stronger water potentials, which could be advantageous in both rich and scarce water environments; third, the two cotyledons could allow for higher photosynthesis rates to dicots, which would depend less on the seed stored energy to form its initial leaf area, increasing their chance of survival [22] . These facts could help explain why dicots were superior to monocots in Canada and the United States. On the other side, bulliform cells which are present in many monocots-not only in grasses-may help avoiding stress by excessive light incidence in low latitude environments [23, 24] , which could turn it into a big advantage for some groups of monocots in tropical agriculture. There was also no difference in the proportion of plants as a function of the carbon metabolism pathway (Figure 15 ). Ehleringer and Monson [23] report that in anthropogenically altered environments, C4 plants are usually not so advantageous over C3. In the reference countries (Figure 13) , most weed species with resistant biotypes were C3, but in Brazil (Figure 15 ) this difference was not remarkable. By considering this, one may hypothesize that in Brazil most of the arable lands are as intensely explored as consequence of the anthropogenic effect, that it led C4 plants to almost totally lose their superior potential compared to C3 weeds in the same environment.
When the data of angiosperm class is crossed with the data of carbon metabolism pathway (Figure 16) , visually there appears to be little to no relationship between these factors; but when we apply a X 2 test to the data Ang.Class x Carb.Metab, (Dic./Mon. vs. C3/C4 only), it turns out to be significant at 5% probability for all countries, except the United States (Figure 16 ).
This supplies initial evidence that C3 and C4 species with resistant biotypes to herbicides may not be equally distributed into dicots and monocots. In Brazil (Figure 16 ), most dicots are C3 Figure 14 . Occurrence of weed resistance as a function of botanical class in Brazil. Source: adapted from Heap [8] . Figure 15 . Occurrence of weed resistance as a function of carbon metabolism pathway in Brazil. Source: adapted from Heap [8] .
while most monocots with resistance to herbicides are C4; for Australia and France, C3 species also predominate in the monocot class, while in Canada the proportion of C3 and C4 species with any biotype resistant to herbicides is equivalent (Figure 16) .
In other words, it appears that the dicot class of angiosperms is significant (four out of four) for presenting a higher number of C3 species with resistant biotypes compared to C4. For monocots, Australia and France presented higher number of C3 species with resistance; in Canada, this relationship was alike, and in Brazil, there were more C4 monocot species with resistance to herbicides than C3. Anyway, the carbon metabolism pathway (Figure 13 and Figure 15 ) seems to be the most significant compared to the angiosperm class ( Figure  12 and Figure 14) . Thus, one would expect more cases of C3 weed biotypes with resistance to herbicides in Brazil (Figure 15) , compared to the reference countries (Figure 13) , for dicots (Figure 16 ). For monocots, there will be a need for a follow-up to understand if the tendency of majority in C4 species (Figure 16 ) will be maintained, or if it is only a deviation Figure 16 . Occurrence of weed resistance as a function of botanical class and carbon metabolism pathway. Source: adapted from Heap [8] . from the real tendency which will be corrected by nature in the future. One should consider the probable loss of superiority from C4 plants over C3 as a consequence of the heavy anthropogenic effect in arable fields, as hypothesized by Ghannoum [24] .
Geographical region of origin of families with resistant biotypes
The probable geographical center of origin of the families with resistant biotypes is summarized by the studied country in Figure 17 . The region of origin for each botanical family is difficult to be defined, and data is sometimes controversial; thus, Figure 17 should be interpreted as an approximation as close as possible to the currently available data about the origin of plant families. Families with higher degrees of uncertainties in their origin were grouped, like "Eurasia," which includes Europe and Asia, Eurasia-Africa (Europe, Asia, Africa), and Europe-Africa.
Most botanical families with resistant weed biotypes in Australia were originated in Eurasia and Africa; in Canada, they came from America and Eurasia (and of course Europe); in France, most weeds with resistant biotypes are native from Europe, and some of them could have come from Asia (Eurasia). In the United States, most families are native from the Americas, while about a half of the species with resistant biotypes came from Eurasia (in Figure 17 , Asia + Eurasia + Europe data).
Summarizing, half or most of the weed species, which presented resistant biotypes in each of the reference countries, seem to be native to their continent (Figure 17) , and this makes sense since the center of genetic origin of a given botanical group usually (if not always) presents the greatest genetic variation for that species [25] . Thus, the genetic variation which could result in the appearance and consequent selection of resistant biotypes would probably be most easily present in the genetic center of origin of the plant group. In Brazil (Figure 17) , the same tendency is observed as most of the plants which presented resistant biotypes were most probably native from the Americas. Table 2 shows the main weed species in the Brazilian agriculture [2] . Surely, a great number of significant Brazilian weed species are out of the list, but the most cited ones in the specialized literature in soybean, corn, cotton, wheat, sugarcane, Eucalyptus, citrus, and cassava are included in Table 2 . Orders and families with gray background are those identified in the reference countries as the most probable ones to contain weed species with superior ability to evolve resistance to herbicides. Genera and species with gray background are those that already present at least one resistant biotype in Brazil.
Most probable Brazilian weed groups to evolve resistance to herbicides
To date (November 2016), 20 weed species have been reported in Brazil as presenting at least one resistant biotype ( Table 2) . Three plant orders (Gentianales, Lamiales, and Solanales) are considered to contain weed species with superior ability to evolve resistance to herbicides, being these orders complemented by those that already present weed species with resistant biotypes (Asterales, Brassicales, Caryophyllales, Malpighiales, Alismatales, and Poales).
Eight botanical families are considered as presenting superior risk to evolve resistance to herbicides in Brazil (Asteraceae, Brassicaceae, Caryophyllaceae, Polygonaceae, Rubiaceae, Convolvulaceae, Solanaceae, and Poaceae), and five of them (Caryophyllaceae, Polygonaceae, Rubiaceae, Convolvulaceae, and Solanaceae) still do not present any weed species in Brazil with confirmed resistance to herbicides ( Table 2) .
Researchers should be aware, however, not to consider only the data summarized in Table 2 to collect evidences about future cases of weed resistance in Brazil, as that 
